Big Bang nucleosynthesis provides a unique probe of the early evolution of the Universe and a crucial test of the consistency of the standard hot Big Bang cosmological model. Although the primordial abundances of 2H, 3He, 4He, and 7Li inferred from current observational data are in agreement with those predicted by Big Bang nucleosynthesis, recent analysis has severely restricted the consistent range for the nucleon-to-photon ratio: 3.7 s 110 ' 4.0. Increased accuracy in the estimate of primordial 4He and observations of Be and B in Pop II stars are offering new challenges to the standard model and suggest that no new light particles may be allowed (NBBN < 3.0, where N,, is the number of equivalent light neutrinos).
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A hot dense genesis for the Universe is strongly suggested by the presently observed expansion coupled with the thermal spectrum of the cosmic background radiation. Along with the observed large-scale isotropy and homogeneity, these empirical data form the basis of the "standard" (i.e., simplest) hot Big Bang cosmological model. Extrapolation to very early epochs within the context of this model point to the infant Universe as a primordial nuclear reactor. It is the comparison of the predicted abundances of those elements synthesized during the early evolution of the Universe with those inferred from current observational data that provides one of the very few direct tests of the standard model as well as constraints on alternative cosmologies (1) (2) (3) . At this symposium, Pagel (4) and Schramm (5) have reviewed the current status-and successes-of the standard model. The consistency between the predictions of standard Big Bang nucleosynthesis (BBN) and the observational data not only lends support to the hot Big Bang model but also leads to constraints on the baryon density of the Universe (1-5) and on particle physics beyond the standard model (6) .
As impressive as the successes of the standard hot Big Bang model are, eternal vigilance is a prerequisite for the success of any scientific enterprise. Any model worthy of consideration is worthy of challenge. Here, I will complement the contributions of Pagel (4) and Schramm (5) by examining those challenges to the consistency of (standard) BBN that seem most serious at present. As a potentially falsifiable model for the structure and evolution of the Universe, the hot Big Bang cosmology should be the subject of constant scrutiny.
The Standard Model
Within the context of the standard model, when the Universe was a few minutes old, conditions were right for nuclear reactions to proceed rapidly, building the lightest nuclides (2H, 3He, 4He, and 7Li) (see refs. 1-5 and references therein).
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The gap at mass-5 ensured that 4He would be the second most abundant element (after hydrogen) in the Universe and that any heavier elements would be produced only in trace amounts. Since 2H and 3He (as well as 3H) are being burned to 4He, the higher the nucleon abundance the more rapidly are 2H and 3He burned away and the smaller will be their relic abundance. The magnitude of the nucleon abundance [as measured by the universal ratio of nucleons to (cosmic background radiation) photons: 1 N/ y; 710o 101°71] is crucial also to bridging the gap at mass-5 and, therefore, the mass-7 abundance is sensitive to q1. As a result, the relic abundances of2H, 3He, and 7Li provide both upper and lower bounds to the universal abundance of nucleons (3), 2H, 3He, 7Li: 2.8 -'-110 ' 4.0.
[1]
The cosmic background radiation temperature (Tyo = 2.74) at present (7) permits us to infer the present density of nucleons (in terms of the critical density), QNh2 = 0.0037'1lo 0.010 < Nh20.015, The relic abundance of 4He is very sensitive to the balance between the universal expansion rate and the weak interaction rate, providing a sensitive probe of "new physics" (6) . For an inferred primordial 4He mass fraction (4, 9), Yp < 0.240, there is a very restrictive bound on light weakly interacting particles (3), AN,= N,-3 ' 003, [3] where N, is the number of equivalent light neutrinos.
If, indeed, the standard (homogeneous, isotropic, . . .) hot Big Bang model provides an accurate description of the early evolution of the Universe, the inferred upper and lower bounds to q should approach each other without crossing. Also, the LEP data (10) [8]
Recently, a new wrinkle has been added to the quest for primordial Li. Be (16) (17) (18) and B (19) have been observed in several of the Spite plateau Pop II stars. The best (only) candidate for Be and B production in the early Galaxy is cosmic ray (spallation/fusion) nucleosynthesis (20) (21) (22) (23) . Along with any Be and B produced, 6'7Li will also be synthesized by carbon, nitrogen, and oxygen (CNO) spallation and, particularly, by a-a fusion (22) . Although modeldependent uncertainties render very uncertain the prediction of absolute abundances of cosmic ray-produced Li, Be, and B, relative abundances are less uncertain (22) . Current Pop II Be and B data (16) (17) (18) (19) are consistent with a cosmic ray origin (22, 23) and suggest that perhaps -25% of the Li observed in the Spite plateau (15) stars may have a galactic (i.e., nonprimordial) origin. Since there is a "floor" to BBN production of Li [(Li/H)BBN 2 1.1 x 10-10], it is crucial to attempt to separate the galactic and primordial contributions to the Li observed in Pop II stars. This could provide a crucial test of the consistency of the standard hot Big Bang cosmology.
Challenges
Reanalysis of the 2H and 3He observations in the context of models for the chemical evolution of the Galaxy (14) have narrowed the window ofconsistency. The inferred primordial abundances of 2H, 3He, and 7Li are still in concordance with the predictions of standard BBN (3) but for a much more restricted range of nucleon abundance. Comparing Eqs. 6 and 8, we have 2H, 3He, 7Li: 3.7 ' 7110 s 4.0. [9] Fortunately, the tighter constraints from 2H (and 3He) can be tested. Solar system and ISM observations combined with the bounds on 2H astration (14) lead to a predicted upper bound to primordial deuterium: (2H/H)p s 6 x 10-5. Future UV observations in metal-poor extragalactic systems could test this prediction (and, in the process, provide a less model-dependent estimate of the primordial abundance).
What of 4He and the Steigman, Schramm, and Gunn bound (6) to NV? Pagel (4) has reviewed the observational situation (see also ref. 9 ). At present, although the third decimal place is surely uncertain, the primordial 4He mass fraction is bounded from above (95% confidence level?) by YpBS 0.240.
[10]
If, indeed, the new lower bound to i1 from 2H + 3He (14) is correct (j1102 3.7), then for a neutron lifetime of .882 sec (3), the minimum BBN 4He mass fraction (for N, . 3) is predicted to be yRBN 0.240. yP [11] Thus the window appears to be closed. That is (to the extent that the third decimal place may be trusted), there is no room for any additional light particles, AN, = NV-3 s 0.
[12] [7] This, truly, is a challenge of the standard model. Proc. Natl. Acad. Sci. USA 90 (1993) 10'0(Li/H)p,p 11
Conclusions
The standard model of cosmology is testable. BBN (16) (17) (18) (19) suggests that some of the Li observed in these stars is not primordial. Will the eventual upper bound to primordial Li fall below the minimum abundance predicted by BBN? Consistency of the standard model awaits the outcome of these confrontations. Finally, 4He, the second most abundant element in the Universe, is also the most accurately measured. Is its abundance known sufficiently accurately to decisively challenge the standard model?
The present turbulent cosmological scene is evidence of healthy science. The standard model can be and is being tested. We all await anxiously the test results.
